The complete nucleotide sequence (2217 residues) of RNA 3 of cucumber mosaic virus strain O (CMV-O) was determined. Two open reading frames were identified, encoding a 3A protein (279 amino acid residues) in the Y-proximal region and a coat protein (218 amino acid residues). The amino acid sequence of the coat protein C terminus was determined directly from purified protein, and confirmed the presence of the coat protein open reading frame in CMV-O RNA 3. Comparison of nucleotide sequences and amino acid sequences of CMV strains O, Q, D and Y indicated the close relationship between these strains. A tRNA-like structure could be adopted by the 3' non-coding region, and this resembled a similar structure in CMV-Q in spite of nucleotide substitutions or deletions.
Two open reading frames were predicted from the nucleotide sequence of RNA 3. The coding region for the 3A protein (279 amino acid residues) is preceded by a 5' non-coding region of 122 nucleotide residues and separated from the coat protein cistron (218 amino acid residues) by an intercistronic region of 298 nucleotide residues. A non-coding region at the 3' terminus (300 nucleotide residues) flanks the coat protein cistron. The Mr of the translation products of the 3A protein and the coat protein were deduced to be 30400 and 24300, respectively.
To confirm the length of the coding region of the coat protein we directly determined the sequence of C-terminal amino acid residues. The coat protein was digested with lysinopeptidase (Masaki et al., 1981) . The cleaved peptides were separated by HPLC with a Cosmosil 5C8 column (0.4 × 15 cm) (Nakarai Chemical Co.) in a 0 to 60~ acetonitrile gradient containing 0.1 ~o trifluoroacetate. Each peak was collected and analysed for its amino acid composition. Since lysinopeptidase specifically cleaves peptide bonds on the carboxyl side of the lysine residue, the fragment representing the C terminus of the protein should not contain a lysine residue. Thus, the fragment containing no lysine was treated with carboxypeptidase Y to determine the amino acid sequence at the C terminus (Hayashi et al., 1973) . The C terminus was determined to be Val followed by Pro and Leu (data not shown). The sequence agreed with the amino acid sequence deduced from the nucleotide sequence. Fig. 2 (a) shows a comparison of the amino acid sequences of the coat proteins of CMV-O, -Q and -D. More than 97 ~ of the amino acid sequence of the coat protein of CMV-O was identical to that of CMV-D, but only 80~ was identical to CMV-Q. Even at the nucleotide level, the homology was calculated to be 97~ between strains O and D and 75~ between strains O and Q, according to the method of Takeishi & Gotho (1982) . The identity of the amino acid sequence of the 3A protein between CMV-O and -Q was 83 ~ (Fig. 2 b) . The difference in homology between these CMVs may reflect the phylogenetic history of each strain. Hidaka et al. (1985) have determined the partial amino acid sequences of CNBr-cleaved fragments of the CMV-Y coat protein. These sequences were also found in the CMV-O coat protein (Fig. 2a) .
Short communication
There are indications that the non-coding region of the 3' terminus are well conserved (Symons, 1979) . The function of the so-called tRNA-like structure of the 3' non-coding region has been investigated in detail for brome mosaic virus (BMV) (Bujarski et al., 1986) . CMV RNA can also adopt a tRNA-like structure and is known to be aminoacylated by tyrosine (Kohl & Hall, 1974) . As shown in Fig. 3 , in spite of nucleotide substitution or deletion CMV-O RNA 3 can adopt a highly complex secondary structure which resembles that of CMV-Q (Symons, 1979) . The nucleotides in CMV-O and -Q that are identical are shown in the shaded areas. Substitutions and deletions occurred mainly on the arms of a clover-leaf structure, not in singlestranded but in base-paired regions. Nucleotides changed in CMV-D compared with CMV-O are shown by arrows; these substitutions do not affect the base pairing of the tRNA-like structure. We calculated the value of AG to be -145-6 kJ and -184-9 kJ for the arms of the clover-leaf structures of CMV-O and CMV-Q, respectively, on the basis of the rules formulated by Tinoco et al. (1973) . The similar secondary structure and the low free energy values seen in the 3' non-coding regions of the CMV strains support the idea that the region plays a significant role in the stability of the genomes and viral activities such as replication.
Concerning the 5' non-coding regions, CMV-O shows few sequences homologous to those of CMV-Q, except in the first 14 nucleotide residues; however, both strains have GU-rich sequences (22 and 21 GU dinucleotides for CMV-O and CMV-Q respectively), the meaning of which is not yet clear.
